A case of malfunction of a Starr-Edwards caged-ball mitral prosthesis occurring ten years after implantation is presented. The possibility of late malfunction must be suspected in any patient who redevelops symptoms after valve replacement. Preservation of normal prosthetic opening and closing clicks does not prove that the device is functioning normally. The diagnosis is difficult, with cardiac catheterization and demonstration of mitral obstruction providing the most valuable information. Once the diagnosis of prosthesis obstruction is made, reoperation and replacement is mandatory.
diac disability. In 1963 she had undergone closed mitral commissurotomy for severe mitral stenosis. Symptomatic improvement was transient. In 1964 the entire mitral valve was replaced with a Model 6000 Starr-Edwards caged-ball mitral prosthesis which was sutured into place with 28 interrupted Tevdek sutures. Recovery was uneventful. Efforts to achieve conversion of atrial fibrillation were unsuccessful, and the patient was discharged in good condition on digoxin and long-term anticoagulation with coumadin. Doses of 2.5 mg to 5 mg daily were given to maintain a prothrombin time of two to two and one-half times the control value. Significant improvement in effort tolerance was noted and she resumed the majority of her normal activities. Despite chronic and well-controlled anticoagulation there was evidence of systemic embolization in subsequent years. In 1968 and 1970 transient attacks of cerebral ischemia were noted and then, in 1972, an embolus to the left leg occurred.
Fortunately, the episodes did, not result in permanent sequelae. One year prior to admission she developed progressive symptoms of general fatigue, exertional dyspnea, and orthopnea. Two episodes of acute pulmonary edema prompted her transfer to this hospital for reevaluation.
On admission the patient appeared chronically ill and exhibited signs of significant heart failure with prominent C'irculation, Volume .50. AtXgnst 1974 venous engorgement, hepatomegaly, peripheral edema, and cardiomegaly. Pulmonary hypertension was evident, manifested by a resounding pulmonary component of the second heart sound and a murmur of tricuspid regurgitation. The opening and closing sounds of the mitral prosthesis were regarded as normal and were unchanged in intensity and clarity from prior examinations. Despite the "normal" sounds of the device, dysfunction of the mitral ball valve was suspected. Cardiac catheterization was accomplished. The essential elements of the pressure data obtained are seen in table 1. Simultaneous recording of pulmonary wedge and left ventricular pressure showed a gradient across the mitral valve of 20 mm Hg ( fig. 1 ). Cardiac output rose very little with exercise (from 4.9 liters per minute to 6 liters per minute) despite a great increase in oxygen consumption. Left ventricular and aortic cineangiography revealed mild mitral prosthesis and aortic valvular insufficiency. A region of radiolucency could be seen on the ventricular side of the sewing ring, suggesting extensive pannus formation in that area.
Since it was clear that serious prosthetic dysfunction was present, it was recommended that prosthesis replacement be undertaken. At surgery it was noted that the prosthesis had been sutured to the posterior mitral leaflet which was almost intact and still connected to the posterior papillary muscle by thickened chordae tendineae. Although the retained leaflet and chordae tendineae may cause valve dysfunction, they did not appear to impinge upon ball motion nor be involved in the pannus formation that was found. The narrowing of cross-sectional area of the orifice of the Starr-Edwards prosthesis by the tissue was approximately 20%. The prosthesis was removed and a medium Beall prosthetic valve inserted without difficulty. On examination of the excised valve the ventricular margin of the entire prosthetic orifice was found to be rimmed with fibrous material. This, to a lesser extent, also involved the cage struts ( fig. 2 ). The ball appeared normal and could achieve a normal excursion within the supporting cage. However, in the open position the pannus formation seriously compromised the available inflow area (frustrum area) ( fig. 3 ). Convalescence from surgery was surprisingly uncomplicated and prominent symptomatic improvement was evident at the time of discharge from the hospital.
Discussion
Incidence and Etiology Late deaths after Starr-Edwards mitral valve replacement have been reported as occurring at a rate of 5% per year, mainly from thromboembolism and infection. 6 The exact cause of excessive thrombus for- Table 1 Cardiac Catheterization Data mation about the sewing ring remains obscure but may be related to persistent diastolic gradients across the rigid metal ring,7 the presence of teflon in the sewing ring (which may precipitate fibrin),' and other inherent properties of the valve which probably lead to flow obstruction such as annular obstruction, inertial factors affecting ball opening, and ball variance. 7 Garamella' and Spencer5 were among the first to describe late failure of a Starr-Edwards mitral valve due to obstruction at the level of the sewing ring. In each instance, the patient developed thrombofibrinous obstruction of the prosthesis 19 months after surgery, the valves closely resembling that of the present case.
It appears that proliferation of tissue at the junction between autogenous tissue and a foreign body (such as a valve) provides a surface on which thrombi may form and ultimately occlude the valve orifice. pericardium. But he found that thrombus developed at the junction of autogenous pericardium and metal valve ring. The true incidence of this complication has not been well documented. Roberts and Morrow10 have reported that 17 of 20 patients with Starr-Edwards valves studied at necropsy were found to have obvious thrombus formation of some degree up to 28 months after surgery. The thrombi were usually located at the junction of the ring and the struts and extended down the struts for variable distances. In seven of 14 of these patients, the fibrous growth caused incompetence, stenosis, or both, and sometimes caused limitation of ball motion with secondary grooving of the ball by the valve struts.
Joassin and Edwards,2 in their six-year study, noted that 14% (nine cases) of late deaths with Starr-Edwards valves were due to thrombosis of the prosthesis with stenosis. The latest death occurring in this group was five years after surgery.
Diagnosis
The diagnosis of this complication has rarely been made prior to surgery. Spencer5 cites the recurrence of dyspnea, congestive heart failure, and absence of the "normal" click of the functioning prosthesis as clinical evidence of thrombosis of the valve. Schelbert and Muller4 advise the use of ultrasonography to detect any "abnormal structures" which may be surrounding the valve orifice. They describe a patient who was noted to have such abnormal structures in the face of good auscultatory clicks and no radiographic evidence of valve failure, although cardiovascular status was deteriorating rapidly. At necropsy, mycotic vegetations completely covered the valve.
The mitral prosthetic sewing ring may lend itself to this type of obstruction on a long-term basis.7 Pannus formation about the sewing ring and functional stenosis of the prosthesis has been reported to occur on the Kay-Shiley mitral prosthesis. Paton" described three patients with fibrinous stenosis of this type occurring one year after implantation of the Kay-Shiley valves. He suggested that if a patient makes a satisfactory recovery from his operation, enjoys several months or years of improvement, and then redevelops symptoms, dysfunction of the valve is a very likely cause of the deterioration. Our case illustrated this concept very well.
Rogers et al.12 describe a similar symptom complex, arising as a late complication of disc mitral valve replacement. Their patient, however, acquired supravalvular fibrous tissue buildup with resulting functional stenosis.
Our patient had documented episodes of systemic embolization. One could speculate that these resulted from thromboembolism of the valvular surface, and the extensive pannus formation found at surgery would tend to confirm this. Such history of systemic embolization in a patient may be a sign that there is ongoing thrombus formation on or about the prosthetic valve surface.
Regular check-ups of patients with prosthetic valves are very important and symptoms of recurrent cardiac disability should alert the physician to possible valve dysfunction. A frequent clinical error is to attribute such disability to "heart failure," whereas a correetable lesion may in fact be the cause.
Cardiac catheterization, with demonstration of a significant pressure gradient across the obstructed valve, is the most valuable preoperative study available. After such obstruction is demonstrated, replacement of the valve is indicated. A specific diagnosis of the true cause of prosthetic dysfunction must await examination of the excised valve, although the ventriculography phase of the catheterization procedure may be diagnostic. In our patient the radiolueent area seen on the ventricular side of the sewing ring suggested that the obstruction might be caused by excessive pannus formation.
